Purpose The incidence of and risk factors for febrile neutropenia (FN) in Japanese non-Hodgkin B-cell lymphoma (B-NHL) patients receiving rituximab, cyclophosphamide, doxorubicin, vincristine, and predonisolone (R-CHOP) chemotherapy are unknown. We conducted this study to address this issue. Methods In this single-center, retrospective, observational study, 466 patients with B-NHL who completed an R-CHOP regimen within a 7-year period and who planned to undergo at least three cycles of this regimen were analyzed. The following FN-related factors were assessed: fever, infection, disease state, neutrophil count, and prophylactic interventions such as use of antibiotics and/or granulocyte colony-stimulating factor (G-CSF). We simulated the FN incidence and 95% confidence interval (CI) of patients without prophylaxis with G-CSF (cycle 1) using bootstrap sampling. Results The incidence of FN was 9.1% (42 of 462) in cycle 1 and 12.3% (57 of 462 patients) throughout all cycles, with 73.7% (42/57) developing FN during cycle 1. Risk factors for FN among patients with B-NHL treated with R-CHOP were albumin <35 g/L (p = 0.0047), relative dose intensity <85% (p = 0.0007), and lack of prophylaxis with G-CSF (p = 0.0006) in cycle 1. In the simulation analysis, the estimated FN incidence in cycle 1 was 16.2% (95% CI [10.9-22.2
Introduction
In patients who undergo chemotherapy, febrile neutropenia (FN) caused by myelosuppression contributes to increased mortality and prolonged hospitalization [1] . Current treatment guidelines stress the need for FN prevention [2] [3] [4] .
Currently, granulocyte colony-stimulating factor (G-CSF) is used to prevent and treat FN induced by chemotherapy [2] . Japanese guidelines recommend prophylaxis with G-CSF for patients receiving a chemotherapy regimen with a known FN incidence of ≥20%, regardless of their risk of developing FN. Additionally, these guidelines recommend the prophylaxis with G-CSF even with regimens with an FN incidence of 10 to <20% if the patient presents risk factors for FN [5] .
The chemotherapeutic regimen comprising rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP) is the standard treatment for non-Hodgkin B-cell lymphoma (B-NHL). Data obtained from a Japanese cohort indicated that in patients with follicular lymphoma receiving R-CHOP-21 regimens without prophylaxis with G-CSF, the incidence of FN was 15% [6] . In other countries, the incidence of FN in patients receiving R-CHOP chemotherapy is <20% [7] . The incidence of FN in patients receiving R-CHOP regimens listed in the guidelines [2] [3] [4] ranges between 18 and 19%. Based on the results of a Japanese study that showed an FN incidence of 15% among patients receiving concurrent chemoradiotherapy [8] , Japanese guidelines [5] recommend prophylaxis with G-CSF. However, as the number of cases in the Japanese study was small (10 cases), more reliable evidence is required.
Risk factors for FN are related to treatment and depend on the chemotherapy drug used and its dosage. Risk factors are also related to the patient's characteristics and include advanced age (≥65 years) and poor performance status (PS) [9] . The definition of the risk factors varies among international guidelines, and their impact varies according to the disease and the type of chemotherapy used. For instance, in breast cancer patients, low absolute neutrophil count (ANC) and absolute lymphocyte count (ALC) were found to be risk factors for FN [10] .
Few studies have investigated the incidence of FN in patients with B-NHL receiving the R-CHOP regimen in Japan. The potential risk factors for the development of FN in association with R-CHOP chemotherapy for B-NHL have not been studied either. To address these gaps, we performed a retrospective study to analyze the incidence of FN in patients with B-NHL receiving R-CHOP chemotherapy at our institution. We also examined risk factors associated with the development of FN in this population.
Material and methods

Study design
In this single-center, retrospective, observational study, data from patients who underwent R-CHOP therapy within a 7-year period between January 2006 and December 2013 at the Cancer Institute Hospital of the Japanese Foundation for Cancer Research, Tokyo, Japan, were retrospectively analyzed. This study was conducted in accordance with the Declaration of Helsinki and the Ethical Guidelines for Epidemiological Studies. Based on those guidelines, and because this study was based only on existing data from medical records, informed consent from subjects was not required. The Ethical Review Board of our institute approved the study protocol.
Patients
Patients diagnosed with B-NHL who started and completed an R-CHOP regimen and who planned to undergo at least three cycles of this regimen were included in this study. Patients with HIV-related B-NHL were excluded from this study.
Assessments
The following pretreatment patient demographic characteristics were collected: age, sex, PS, body mass index (BMI), disease (pathological diagnosis, Ann Arbor stage, bone marrow infiltration), complications (diabetes mellitus; hepatic, renal, or cardiac diseases; others), previous illness (surgery, infections, and FN within 1 month before initiation of the most recent R-CHOP regimen), and blood parameters (albumin, total bilirubin, hemoglobin, ANC, ALC). Data on R-CHOP regimen, including the dose of each drug and the number of days to the next cycle, were collected. The following data on the development of FN after R-CHOP regimen were collected: conditions of fever (highest body temperature, the onset date reckoned from the initiation of chemotherapy), neutrophil count, and prophylactic interventions (antibiotics, G-CSF, treatment date reckoned from the initiation of chemotherapy). The collected data were used to create a database, which was managed by our institution. The relative dose intensity (RDI) was calculated as the mean RDI for cyclophosphamide and doxorubicin: RDI = [(actual dose) / (planned dose)] / [(actual duration of treatment) / (planned duration of treatment)].
Study endpoints
The primary endpoint was the incidence of FN in cycle 1 of chemotherapy, which was calculated as the proportion of patients who developed FN in all patients receiving R-CHOP regimen. FN was defined as having an axillary temperature ≥37.5°C within 48 h and a neutrophil count <0.5 × 10 9 /L. The secondary endpoints were as follows: incidence of FN throughout all chemotherapy cycles, incidence of FN in cycle 1 of chemotherapy by patient demographic characteristics, risk factors involved in the onset of FN in cycle 1, and the relationship between the incidence of FN in cycle 1 and ANC or ALC.
Sample size
The sample size was defined as the number of subjects to be accumulated during the study period to guarantee precision (point estimates and variance) in the estimation of FN incidence and to enable the exploration of factors involved in FN development through secondary endpoints. Assuming an FN incidence of 20%, approximately 400 patients were required for enrolment.
Statistical analyses
The Institute of Japanese Union of Scientists and Engineers carried out the statistical analysis of this study, using the database created by the research institution. In principle, continuous variables were summarized using basic statistics (number of patients, mean [standard deviation (SD)], minimum, median, and maximum), and categorical variables were summarized in frequency tables. All statistical analyses were performed using SAS Versions 9.2 and 9.3 (SAS Institute, Inc., Cary, NC, USA). The significance of the relationship between the incidence of FN and patient demographic characteristics was tested using a chi-squared test. Odds ratios were estimated using a logistic regression model. Based on the univariate logistic regression model (univariate model) for the analysis of factors involved in the development of FN in cycle 1, a multivariate model was constructed by combining the statistically relevant indicators (with p < 0.10 in the univariate model) and factors considered necessary from a medical viewpoint. Multivariate re-analysis was performed by a stepwise variable selection procedure with an entry and removal probability of 0.20 to avoid overlooking factors affecting FN onset [11] . Although this was not a hypothesis-testing study, all tests were two-sided, and a p value <0.05 was considered significant.
Estimation of the incidence of FN in cycle 1 without prophylaxis with G-CSF: simulation analysis
We also simulated the point estimate and 95% confidence interval (CI) for the incidence of FN in cycle 1 without prophylaxis with G-CSF before the occurrence of FN for all the patients (N = 462) included in the incidence calculation of FN in cycle 1. First, 1000 bootstrap samples were built by resampling from the population (N = 462) analyzed for the incidence of FN in cycle 1. Then, for each bootstrap sample, the incidence of FN in cycle 1 without prophylaxis with G-CSF was estimated for all patients included in the bootstrap samples, according to the following procedures: (1) Only the data from patients who were not receiving G-CSF before the occurrence of FN were analyzed by a multivariate model using the occurrence of FN in cycle 1 as a response variable. Explanatory analysis of the multivariate model was performed by a stepwise variable selection procedure where the criterion for entry and removal of variables for the population analyzed for the incidence of FN in cycle 1 was set at p = 0.20 (however, excluding Bprophylaxis with G-CSF in cycle 1^). (2) Using the variables selected by the multivariate model, the incidence of FN in cycle 1 was estimated for each patient receiving prophylactic G-CSF. Then, a value of 0 or 1 was assigned using a Bernoulli random variable where the estimated FN incidence in cycle 1 was the occurrence probability. This was used as the estimate for the occurrence of FN in cycle 1 without prophylaxis with G-CSF for each patient receiving prophylactic G-CSF. (3) For patients without prophylaxis with G-CSF, an FN episode observed in cycle 1 was defined as the occurrence of FN in cycle 1 without prophylaxis with G-CSF. (4) Using the estimate obtained above for the occurrence of FN in cycle 1 without prophylaxis with G-CSF, the incidence of FN in cycle 1 without prophylaxis with G-CSF was estimated for all patients included in the bootstrap samples.
Finally, from the 1000 estimates of the incidence of FN in cycle 1 without prophylaxis with G-CSF obtained from the bootstrap samples, the mean was calculated and used as the point estimate of the incidence of FN in cycle 1 without prophylaxis with G-CSF for all patients included in the population analyzed for the incidence of FN in cycle 1. A confidence interval was constructed based on the 2.5th and 97.5th percentiles of the estimated incident of FN over 1000 bootstrapped samples. All analyses were performed without applying any imputation approach to deal with the missing data.
Results
Of the 466 patients analyzed, 4 received cycle 1 at another hospital; therefore, 462 patients were included in the analyses of cycle 1. The demographic and clinical characteristics of patients included in the analysis are shown in Table 1 . Of the 466 patients, 263 were men (56.4%). Patients had a mean (SD) age of 63.3 (12.89) years. Most patients (439; 94.2%) had an Eastern Cooperative Oncology Group (ECOG) PS of 0-1. Most patients (378; 81.1%) had a diagnosis of diffuse large B-cell lymphoma (DLBCL). Slightly over half of the patients had limited disease (Ann Arbor stage I-II; 262; 56.2%), and 204 (43.8%) had advanced disease. Less than 10% of patients had bone marrow infiltration. The most common complication was diabetes (9.9%). Patients were receiving R-CHOP at a mean RDI (SD) of 89.0% (12.41).
The demographic and clinical characteristics of patients with and without FN included in the analysis of cycle 1 are shown in Table 2 . At cycle 1, of 462 patients, 42 had developed FN. Most of the patients (31; 73.8%) with FN were 65 years or older, were female (25; 59.5%), had a PS of 0-1 (37; 88.1%), were diagnosed with DLBCL (34; 81.0), had advanced disease (24; 57.1), were receiving R-CHOP at a RDI <85% (23; 57.5%), and had not received G-CSF prophylaxis (29; 69.0%). In contrast, the 420 patients without FN were almost equally distributed in both age groups (<65 and ≥65 years of age), most were male (243; 57.9%), had limited disease (243; 57.9%), had higher albumin and hemoglobin levels, and had received G-CSF prophylaxis (234; 55.7%). When comparing patients with and without FN, there were significant differences in age (p = 0.0056), sex (p = 0.03), albumin levels (p = 0.004), hemoglobin levels (p = 0.014), RDI (p = 0.001), and prophylaxis with G-CSF (p = 0.002).
In cycle 1, the incidence of FN was 9.1% (42 of 462). [1.66-6 .60]; p = 0.0007), and lack of prophylaxis with G-CSF (0.27 [0.13-0.57]; p = 0.0006) were found to be significant risk factors for FN among these patients.
We also performed a re-analysis of data to identify risk factors of FN by multivariate analysis. As a result, six factors were extracted (Table 4) . Additionally, in order to estimate the incidence of FN in patients without prophylactic administration of G-CSF, we performed a simulation analysis by multivariate logistic regression model using five factors except prophylactic administration of G-CSF. We found that the estimated FN incidence [95% CI] was 16.2% [10.9-22.2] (Table 4) . Based on a previous report of markedly higher incidence of FN in breast cancer patients showing the lowest ANC and ALC values [10] , we examined the relationship between the incidence of FN in cycle 1 and ANC or ALC. However, no significant relationship was found (Table 5 ).
Discussion
We examined the incidence of FN among Japanese patients with B-NHL after receiving one cycle and all cycles of R-CHOP. We also identified risk factors of FN among our patients.
The present results are very reliable because this was a large retrospective study conducted in a single institution. Another strength is that patients in Japan are administered the treatment for cycle 1 in an inpatient setting, which allows proper follow-up of patients, leading to accurate identification of the incidence of FN in cycle 1.
The incidence of FN in this study was 9.1% in cycle 1 and 12.3% throughout all cycles. In contrast, the incidence of FN was 15% in patients with follicular lymphoma receiving R-CHOP-21 regimens that were not undergoing prophylaxis with G-CSF [6] . A previous study on Japanese cancer patients at high risk of FN [12] reported an overall incidence of FN of approximately 20% among patients undergoing chemotherapy with R-CHOP. However, specific data on the incidence of FN among patients with B-NHL are scarce, which stresses the importance of our study.
According to the Guidelines for the Appropriate Use of G-CSF [2] , the incidence of FN in patients receiving myelosuppressive chemotherapy is 13-21%. Interestingly, the incidence of FN in this study was lower than that reported previously. Possible reasons for this lower incidence may be that cycle 1 of R-CHOP chemotherapy in Japan is administered in an inpatient setting for most patients, allowing timely detection of a decrease in neutrophil count. It is also possible that the lower FN incidence in the present study is a reflection of the actual clinical practice in Japan in which G-CSF is used early on according to the patient's risk profile as stated in the recent Japanese guidelines [5] . Therefore, the high frequency of patients receiving prophylactic G-CSF may be the reason for the lower incidence of FN in the present study compared with that reported previously [6, 12] . However, it is impossible to exclude the influence of other factors (e.g., the influence of race and differences in clinical practices across different medical settings in Japan). To clarify this point, we performed a simulation analysis using the bootstrap method, including all patients who were not receiving prophylactic G-CSF administration. This simulation yielded an incidence of FN of 16.2%, which was indeed similar to that previously reported [6, 10] . Further, other studies [7, 13, 14] have reported risk factors other than the three identified in our main analysis. To extract a wider range of candidate risk factors from this simulation analysis, we performed a re-analysis of the raw data using multivariate analysis (stepwise method). This reanalysis yielded RDI <85% throughout all cycles and lack of prophylaxis with G-CSF as candidate FN risk factors. These factors differed from those reported by Lyman et al. for patients on chemotherapy, which included poor PS, BMI <23 kg/m 2 , and disease stage III-IV [7] . However, in patients with intermediate-grade non-Hodgkin lymphoma receiving CHOP, Lyman et al. [13] reported that age >65 years, renal and cardiovascular diseases, and baseline hemoglobin were associated with high risk of FN in addition to RDI >80% and no G-CSF prophylaxis. Because RDI and lack of prophylaxis with G-CSF were identified as risk factors in both the main analysis and the simulation, as well as in previous studies on similar populations, we consider that these risk factors for FN will remain consistent. These simulation findings suggest that the lack of prophylaxis with G-CSF may contribute to the development of FN among Japanese patients with B-NHL.
Japanese guidelines recommend the use of G-CSF in lymphoma patients based on a report by Smith et al. [15] . However, the number of patients included in Smith et al.'s analysis was relatively small. In comparison, a larger number of patients were enrolled in our study, and our findings strongly support the current guideline recommendations. Furthermore, the single-center design ensured that the diagnostic criteria remained constant. The present study supports the recommendation of proper prophylactic administration of G-CSF in patients with high risk of developing FN.
In this study, FN occurred during cycle 1 in most patients (73.7%), which is concordant with previous findings [16] . This indicates that prophylaxis with G-CSF should be actively considered from cycle 1 for patients at risk of developing FN. This finding is also supported by the findings of a systematic review of 17 studies aimed at evaluating the impact of primary prophylaxis with G-CSF on FN and mortality in adult cancer patients receiving chemotherapy. In that study, it was concluded that prophylactic G-CSF reduced the risk of FN and early deaths, including infection-related mortality, while increasing the RDI [17] . With the launch of G-CSF >20 years ago, appropriate management methods for patients receiving G-CSF have been established to avoid risks associated with G-CSF treatment.
A decrease in serum albumin levels is considered a marker of acute inflammatory response (called BB symptom^in lymphoma). Therefore, a decrease in serum albumin levels indicates worsening of the patient's general condition. This finding suggests that worsening of the patient's general conditions is associated with an increase in the incidence of FN. For RDI, there are two possibilities. One is that the development of FN leads to a reduction in RDI. The other is that FN is more likely to occur in patients in whom the RDI is set low owing to poor PS and worsened general condition, among other factors.
According to the American Society of Clinical Oncology (ASCO) guidelines as well as the review by Lyman et al. [3, 7] , risk factors for the development of FN include sepsis syndrome, advanced age (≥65 years), poor PS, severe neutropenia, neutropenia persisting for 10 days or longer, low BMI, pneumonia, invasive fungal infections, other infection-related diagnoses, previous hospitalizations for febrile complications, treatment with myelosuppressive chemotherapies, and a history CI confidence interval, G-CSF granulocyte colony-stimulating factor, N number of patients analyzed, FN febrile neutropenia of FN. In this study, FN development was only correlated with some of these factors. However, this study specifically evaluated the risk factors for FN of patients with B-NHL undergoing R-CHOP chemotherapy. In contrast, the ASCO guidelines as well as previous studies [3, 7, 12] on risk factor assessment cover all areas of chemotherapy practice. Thus, these comparisons must be interpreted carefully. In breast cancer, it has been reported that the incidence of FN was markedly higher in patients showing the lowest ANC and ALC values [10] . We considered that a similar trend would be observed in B-NHL patients receiving R-CHOP chemotherapy. Therefore, we examined the relationship between the incidence of FN in cycle 1 and ANC or ALC. However, no significant relationship was found.
Taken together, the relatively lower incidence of FN in this study reflects that, in an actual clinical setting, G-CSF is used according to the patient's risk factors and changes in neutrophil count over time. This may contribute to the prevention of serious neutropenia and therefore to the prevention of FN.
Upon implementation of R-CHOP chemotherapy for patients with B-NHL, it may be advisable to actively consider prophylaxis with G-CSF early on, that is, from cycle 1. Additionally, patients with albumin <35 g/L or RDI <85%, which were other risk factors for FN identified in this study, should also be carefully considered when contemplating chemotherapy with R-CHOP.
This study has some limitations. In cycle 1, because the chemotherapy was administered in an inpatient setting, it was possible to accurately detect FN. However, in cycle 2 and subsequent cycles, treatment was given in an outpatient setting, which did not allow the accurate detection of FN. While the single-center design could be considered a strength because it guaranteed the consistency of the diagnostic criteria, it could also be considered a limitation from the viewpoint that the study subjects are not representative of the entire Japanese population.
In conclusion, the results of this single-center, retrospective study of R-CHOP chemotherapy in an actual clinical setting showed that the incidence of FN was 9.1% in cycle 1 and 12.3% throughout all cycles. The risk factors identified included albumin <35 g/L, RDI <85%, and lack of prophylaxis with G-CSF. Therefore, for patients with these risk factors, it may be advisable to actively consider the prophylaxis with G-CSF starting with cycle 1 for optimum management to reduce the occurrence of FN.
